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Abstract 
The increase in impervious surface areas as a result of urbanization has produced significant 
hydrological effects. Such changes disrupt the water natural cycle, intensify the surface runoff which 
increase the flood peak frequency and volume. Mitigating the impact of these changes by low impact 
development(LID) is currently being widely promoted. In turn, the series of LID implementations 
may produce cumulative effects and benefit urban stormwater management. However, the potential 
of multiple LID controls to mitigate the depth and duration of flood at a district which surrounded by 
two rivers just like Oyama city is not fully understand. In this study, the hydrological responses of 
storm water runoff characteristics to a series of LID controls were explored using 1D-2D model based 
on XP-SWMM. Model simulation results of Oyama city confirmed the effectiveness of LID controls. 
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1. INTRODUCTION
 1.1 Backgrounds 
     The increase of impervious areas as a result of urbanization has produced significant hydrological 
effects globally (FanHua Kong et al.,2017). That changes disrupt the natural water cycle, intensify the 
surface runoff, and diminish the ground water supply. Of these impacts, the most direct are significant 
surface runoff, flood peak frequency and volume. Which intensify the risk, frequency and extent of 
urban flood disaster. Recently, the climate change in various geographic locations further aggravate 
the impacts of urbanization on the natural water cycle.  
In September H27, the typhoon No.18 brought heavy rainfall in Kantou and Touhoku parts of 
Japan resulted in catastrophic flooding that submerged hundreds of houses and roads. For instance, 
the daigyoji area of Oyama Tochigi prefecture, was submerged in overflow water from Toyoho river 
and surface runoff (IKEDA, 2015). The high river level in Toyoho river and Omoi river has led to that 
the rain water can’t be drained by rain water pipe.  
Traditional water storm controls are mostly based on grey infrastructure and involve measures 
such as increasing the drainage network and pump station. However, these measures directly affect 
rainwater drainage, while also result the early peak of surface runoff in all catchments, which will lead 
to water logging. Therefore, it is important to develop new alternative storm water controls approaches. 
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Demanding possible ways to perform a distributed water management, the Low Impact 
Development(LID) is required. LID is mentioned as an especially promising storm water strategy. It 
is mainly achieved by green infrastructure, multilayer development and decentralized micro-scale 
control to create post-development hydrological conditions that mimic the pre-development natural 
hydrologic functions (Leonor Rodriguez-Sinobas et al.,2017).  
Fig.1.Type of LID facilities 
1.2 Purpose of Paper 
      Therefore, in this study, to analyze the flow characteristics due to distributed of combination LID 
facilities. In order to analyze runoff reducing and flood depth reduction effect of the LID method, we 
simulated the cases of the six types: before development, after the traditional development, and after 
the LID development for a 5-year return-period rainfall in 6-hour duration and 24-hour duration – 
using the 1D-2D combined runoff model XP-SWMM (Storm & Wastewater Management Model). 
2.LITERATURE REVIEW
Several studies have been conducted to analyze the effectiveness of various LID practices based
on hydrology and hydraulics capabilities. Bio retention areas, grass swales, pervious pavements and 
green roofs were the most common facilities (Sang-Soo Beak et al.,2015). Existing reports and case 
studies provide strong evidence that urbanization negatively affects streams and results in water 
logging (G.V. Chang, 2015). Many studies about impervious value were provide correct parameter 
for XP-SWMM which simulate the infiltration event with Horton equation (ZHAO D Q et al., 2011). 
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Fig.2. Storm water Model 
3.METHODLOGY
3.1 Description of study site 
    In this study, the development is analyzed about before and after LID development and traditional 
development in daigyoji region, Oyama city, Japan. The target area is expected to be about 75%    
Fig.3. (a)target area; (b)digital elevation; (c)sub-catchment; (d)drainage network 
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impermeable surface that increasing amount surface runoff. The target area was flooded at  
September, H27. Some flood countermeasures have been made by city government with pump 
station. Above this, another viable option with better natural result and other landscape effect is 
worth doing for this study. 
3.2 Structure of input data and XP-SWMM model construction 
    To a reliable design discharge, we have been applied to the rainfall intensity formula. The formula 
was calculated by Oyama based on historical rainfall date. It’s I=5400/(t+30) for a 5 year-return-
period rainfall which has a 60mm/hr peak. 
    Infiltration factor, roughness coefficient and runoff coefficient are rest important input value in 
XP-SWMM. A part of parameters of LID development are in the table below.  
Table 1 
Parameters used for LID controls 
Layer     parameter    Bioretention     Green roof     Infiltration trench    porous pavement    Bioswale 
Surface   Storage        Around 141  12-20      0           0   2.0      
 Depth(mm)    
Roughness         0.1  0.1       0.1                  0.15  0.25 
Slope (%)          1.0  1.0       1.0                  1.0        0.2-3 
Storage   Height (mm) 110-450          110-450 120-350  100  
Void ratio      0.5-0.75          0.5-0.75      0.5                  0.75 
Pavement Thickness          85 
Void ratio               0.12 
Impervious        0    0     0                   0.15     0 
surface 
 Permeability    10    2            20                   15    12 
 (mm/hr.) 
4.RESULT AND DISCUSSION
Fig.4. The flood depth for 6 hour-duration rainfall 
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    This results were confirmed that both of the countermeasures are feasible and effective. Increasing 
of pervious area and retention ability affect the peak runoff and totally runoff, which reduce the flood 
depth.   
     Fig.5. The flood depth for 24 hour-duration rainfall 
    In the 24-hour rainfall event, the high river level brought about the drainage network ‘s efficacy 
losing.  
5.CONCLUSION
LID facilities affect the runoff characteristics and peak runoff and total runoff is found to be
reduced as the infiltration area increases. This is the reason of flood depth reduction. Also the pump 
station affects the water drainage to river caused the same result with LID development. Nevertheless, 
when the total runoff over the rivers drainage capability, the single countermeasures can have only 
limited effect. But a large scale LID development will reduce the water volume in river. For this 
reason, flood depth can supposedly be reducing. 
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